at the site involving many missions. There was a reasonable effort to minimize subsurface contamination prob- 
Located in a remote arid area in eastern Idaho on were injected directly into the aquifer. To provide a general backthe northeast-trending Snake River Plain, the U.S. Gov- techniques, and conducting detonation research with has had several names and missions for the U.S. Governthe U.S. Army. In a major test on 29 Aug. 1945, more ment over time. Today, facilities of the INEEL are lothan 100 000 kg (250 000 lbs) of TNT were detonated cated both in the town of Idaho Falls, ID and on a 2350-at the NPG. Ordnance and detonation research continkm 2 (890-mi 2 ) site located approximately 40 km (25 mi) ued at the site following the war, but at a slower pace. west of Idaho Falls (Fig. 1) . In this paper, we commonly
In August 1946, the U.S. Congress passed the Atomic refer to the site west of Idaho Falls as the Idaho Site, Energy Act, which transferred control of atomic weapthe INEEL Site, or simply the Site. The INEEL is a ons facilities from the military to a new civilian agency, multiprogram research and development institution and the Atomic Energy Commission (AEC). Three years is one of the national laboratories operated by the later in early 1949, the NPG was chosen to be a center USDOE. To better understand the subsurface science for scientific experiments involving nuclear reactors. research and work being done at the INEEL, we will With this new mission, the name of the site was changed give a brief outline of the history of the site and the to the National Reactor Testing Station (NRTS). The various missions it has served. We will also briefly out-AEC designated the Idaho Operations field office to line issues regarding the subsurface contamination at manage the NRTS, and Idaho Falls was chosen as the the INEEL, which has resulted from disposal of radiohost city. Four projects were initially planned to be active and chemical wastes. Finally, we will give an overdeveloped: an experimental breeder reactor designed view of the papers in this special issue. A general hisand developed by Dr. Walter Zinn, a physicist working torical background of the INEEL is important to help with Dr. Enrico Fermi; a material testing reactor; a readers understand the subsurface issues discussed in chemical processing plant; and a submarine thermal reother papers in this special issue. The historical informaactor. The area of the NRTS was expanded to help limit tion about the INEEL Site largely comes from the book public access to facilities and to provide a buffer area Proving the Principle by Susan Stacy (2000) . Through in which population growth could be controlled. The the years, many individuals have been involved in work was called the Idaho Chemical Processing Plant (ICPP) and operated from 1953 to 1988. Thereafter, the ICPP has been used only intermittently. More than 31 000 kg of U were recovered from spent fuel, which came from a variety of sources. In addition to recovering 235 U, other radioactive elements were recovered for private industry and nuclear facilities. The ICPP reprocessed spent nuclear fuel from NRTS, the U.S. Navy, Savannah River, Hanford, Oak Ridge, Los Alamos, and other locations. The largest single source of spent fuel was from Navy nuclear propulsion reactors.
The specific mission and programs at the Idaho Site continued to change with time and with U.S. Government administrations. In 1974, the NRTS was renamed the Idaho National Engineering Laboratory (INEL). Later, the INEL was renamed the Idaho National Engineering and Environmental Laboratory (INEEL) largely because Senator Dirk Kempthorne, now Governor of Idaho, felt that the Idaho Site's future lay in being a leader in solving difficult environmental problems. In 1977, President Carter created the USDOE, and the INEL became a USDOE-operated National Laboratory. 
SOIL AND GROUNDWATER
NRTS grew to more than twice the size of the NPG.
CONTAMINATION
Because of additional land withdrawals and purchases, All operations at the Idaho Site required an adequate the present size of the site west of Idaho Falls (Fig. 1) supply of water. In the early years of the NRTS, the is approximately 2350 km 2 (890 mi 2 ). subsurface was largely unknown. The USGS began studIn 1951, the first nuclear reactor at the NRTS became ies of the subsurface and the Snake River Aquifer. There operational. Called the Experimental Breeder Reactor-1 were reports by geologists of an underground "river of (EBR-1), it operated from 1951 to 1963. The EBR-1 is water" flowing between the mountains northwest of the recognized as being the world's first nuclear reactor to site and the Snake River, which is southeast of the site. supply electricity from nuclear energy on 20 Dec. 1951.
Fortunately, finding water in the subsurface at the Idaho In a proclamation still visible today, Dr. Zinn wrote on Site was not difficult. To some, the underground river a wall inside the facility, "Electricity was first generated seemed more like an underground ocean. When local here from Atomic Energy." On 26 Aug. 1966, President people asked about possible groundwater contaminaLyndon B. Johnson dedicated the EBR-1 as a National tion from the operations, the response was that wasteHistoric Landmark. The facility is currently open for water returned to the desert would be clean when it public tours during the summer months.
reached the aquifer. It was believed that the vadose Other notable reactors built at the NRTS were the zone would filter or retard substantially all contaminants Materials Test Reactor (MTR) in 1952, the Submarine from downward-moving rain and snow melt before they Thermal Reactor (STR) in 1953, and the Advanced reached the aquifer, and that any contaminants reaching Test Reactor (ATR) in 1967. The MTR was the second the aquifer would be diluted to the point of insignifireactor at the NRTS and a key component of the AEC's cance within the aquifer. post-war reactor development program. The STR was
In the early days, the AEC allowed each facility to a key foundation for the U.S. nuclear navy. It was the dispose of their waste as they felt best. For disposal of prototype for the reactor that powered the U.S.S. Nautisolid wastes, the Idaho Operations Field Office decided lus. Work done at the STR proved the principle and to use a landfill. Because the Site received only about feasibility of atomic energy for ship propulsion. Later, 20 cm of precipitation per year, it was believed that the Navy used the STR to train reactor operators for contaminants in the landfill would be unlikely to be submarines and surface ships. The ATR, which is still leached from the solid waste and transported to the in operation, is a materials testing reactor that can yield underlying Snake River Aquifer. The waste site chosen, data in weeks or months that would normally take years thereafter called the NRTS Burial Ground, had 5 to in ordinary reactors. It has a unique four-lobed design 7 m of sediment above fractured basalt. The depth to in which numerous experiments can be conducted simulgroundwater at the Burial Ground exceeded 175 m (570 taneously at a variety of flux rates. The ATR is also ft). It was also felt that the clay-sized particles in the used to produce radioisotopes for medical, industrial, sediments would act as absorption sites for any mobile and research purposes. To date, 52 nuclear reactors have contaminants. Solid wastes, including low-level radiooperated at one time or another at the Idaho Site.
active wastes, were being deposited to trenches by 1952. In addition to the reactors at the NRTS, a chemicalBeginning in 1954, nuclear weapons related waste from processing plant was built to reprocess spent nuclear fuels. Its primary mission was to extract 235 U. The plant the Rocky Flats Fuel Fabricating Facility was shipped the RWMC should be shipped to WIPP. Some investiga- (1979), Ritter and Bhatt (1996) , Ibrahim and Morris (1997), and Downs et al. (2002) . to the NRTS Burial Ground. Because of differences Although the RWMC is the major waste disposal in composition between wastes from Rocky Flats and facility at the INEEL Site west of Idaho Falls, wastes wastes generated from projects within the NRTS, both were also disposed at other locations on the Site. At transuranic and fission-or activation-product wastes the Test Area North (Fig. 1) , liquid wastes containing were buried in the Burial Ground, sometimes in the low-level radionuclides and high levels of organic solsame pit or trench. Transuranic waste is radioactive vents (principally trichloroethylene and dichloroethylwaste (Ͼ100 nCi g Ϫ1 ) that contains ␣-emitting species ene) were injected directly into the Snake River Aquiwith an atomic number greater than U and with a halffer. The resulting groundwater contamination is now life exceeding 20 yr. Organic solvent (chlorinated hydrobeing addressed via several efforts involving bioremedicarbon) waste from Rocky Flats, which was mixed with ation and monitored natural attenuation (Sorenson et silicates to form a gel-like substance and placed in baral., 1998 , 1999 , 2000 Wylie et al., 2002) . At the Test rels, was also disposed at the NRTS Burial Ground.
Reactor Area, aqueous wastes were discharged to ponds Because of cost considerations, sometimes the barrels and injected directly into the aquifer through boreholes. were discharged to the Burial Ground in bulk, without The primary contaminants are 3 H and Cr. At the ICPP, sorting or stacking (Fig. 2 ). Additionally, low-level ranow known as the Idaho Nuclear Technology and Engidioactive wastes were shipped to the NRTS Burial neering Center (INTEC) (Fig. 1 Np, U, and accommodate the interim storage area, which is now Pu were also discharged to the aquifer. At the Central called the Transuranic Storage Area. The plan was to Facilities Area ( Fig. 1 ), wastes were placed in landfills move the wastes in the Transuranic Storage Area to a and discharged to ponds. The Central Facilities Area federal repository. In 1976, the NRTS Burial Ground serves as an area for operations support (i.e., offices, and Transuranic Storage Area was renamed the Radiocraft shops, service) and formerly served as an area for active Waste Management Complex (RWMC). Today, Navy personnel housing, warehouse space, and administhe RWMC encompasses 0.69 km 2 (168 acres) and contration. The predominant wastes in the landfills are consists of the Subsurface Disposal Area (formerly known struction, office, and cafeteria wastes. However, other as the Burial Grounds), the Transuranic Storage Area, disposed wastes include chlorinated solvents, miscellaand several other waste-processing facilities. An aerial neous chemicals, paints, and oils. Wastes discharged to view of the RWMC is shown in Fig. 3 maintains open public communications through its web Throughout the Site, there is only a relatively thin layer site at http://cleanup.inel.gov/, which the interested reader of sediments on top of fractured basalt. Some of the is encouraged to visit for information on progress. wastes were placed within a few meters of or directly on the fractured basalt. The downward migration of A LOOK FORWARD contaminants, both in the gaseous and aqueous phases, through the fractured basalt is a major concern. For Between 1995 and mid 2002, the INEEL was assigned example, carbon tetrachloride from Rocky Flats has to the DOE's Office of Environmental Management partitioned from the gel-like waste mixture in the barrels (DOE-EM), which has the prime responsibility to clean to the gas phase and has moved approximately 200 m up and address legacy waste produced during the Cold below the surface, contaminating the aquifer. Besides
War. The INEEL supported DOE-EM by developing understanding how the fractures in the basalt and the capabilities in subsurface research and remediation. Bevarious sediment interlayers between the basalt flows ginning in 2000, the INEEL management began making affect the fate of contaminants as they move downward significant investments of discretionary funds in strengthto the Snake River Aquifer, there are concerns about ening this capability, resulting in a Subsurface Science how the materials buried in the pits and trenches interact Initiative. New senior scientists were hired and efforts and are released into the underlying strata. Because were initiated to build a strong research program that many of the disposed materials are radioactive or preswould support remediation programs at INEEL as well ent health hazards (chlorinated hydrocarbons), it is very as other contaminated DOE sites. However in 2001, difficult to closely examine and study the behavior of with de-emphasis of research activities by DOE-EM in the wastes in the disposal sites. Developing a much favor of accelerated cleanup at DOE sites and increased better understanding of the source term for groundemphasis by the administration of President George W. Idaho has returned to its core mission of nuclear re-(1999), Geller et al. (2000) , Liszewski et al. (2003) , Luo search, technology development, and demonstration. In et al. (2003), and Mincher et al. (2003) .
the near future, the current management contract to administer the INEEL will be divided into two contracts
CURRENT CLEANUP ACTIVITIES
and rebid. One contract will be focused on cleanup of the existing contamination and will be called the Idaho In May 2002, the USDOE, the Idaho Department of Completion Project, while the other contract will be Environmental Quality, and the USEPA signed a letter focused on research and development and will be known of intent formalizing an agreement to pursue acceleras the Idaho National Laboratory. The Idaho National ated risk reduction and cleanup at the INEEL. The Laboratory will be operated as a USDOE multiprogram vision for this agreement is that "by 2012, the INEEL national laboratory and will provide support to other will have achieved significant risk reduction and will programs in DOE-EM, the DOE Office of Science, the have placed materials in safe storage ready for disposal.
Office to challenge the frontiers of environmental science and heterogeneity on intrinsic bioremediation processes in groundwater. p. 287-296. In P.K. Link and L.L. Mink (ed.) Geology,
